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A Wireless Edge Sensor Module for Edge Computing in
Industrial Infrastructure Diagnostics
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Abstract

This paper proposes a new design and implementation of a low-power wireless monitoring system for the
surveillance of aging pipes. The system is designed to enhance safety and operational efficiency, utilizing advanced
signal processing techniques and energy-efficient technologies to support real-time continuous monitoring without the
need for frequent battery replacements. By employing heterodyne frequency conversion techniques, high-frequency
acoustic signals are transformed into low frequencies. The integration of edge computing allows for real-time data
processing and anomaly detection on-site. Additionally, the system monitors multiple frequency bands around 38kHz
simultaneously through a six-channel acoustic sensor module and optimizes power consumption using a round-robin
signal processing approach. The measured current consumption is 2-3 mA, corresponding to 333-500 uA per channel.
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Fig. 1. Heterodyne frequency conversion
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Proposed edge sensor monitoring operation
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=48 AFE o 23mAR, Ad F <
333-500uAc] Gt A =A AFRE ulgo

=
9000mAh HiEIEE AT AF D AR
3000-4500 AIZFO.E o] oF 4-671€E o] st
o} ARk R b3 RS A8skA] ¥a A A%
719} HEIE ARESHH 80mA ©]de A
< Aolgta FHHE 6714 thE A
o] ATEL oA At o] AH

o

et fd o ofN

o G
{d
)
T

b <N
A, Yo 1l

AN Ao o Hu R
rkl
7

P
:‘_l‘
ofr
FiF
o
:lo
ol
ofl
Jjm
ol
N
&
&
lo

ol ol 2lEE EREHN I F gA AHE A
9t} o]Fo] qA MMM o BFS AF A
daglFe] HEEo o) Az FAYS et
o} 7o WA, 18 FYM & F %o
FEHA Az AFHY oldt 4z 7] W
st AAE o) s AAEE U EaS T 94l

EAE AEE 974 Jg 92 Az dAfEn,
AF As EFH7F AHREY w29 JYE HUIE
t}. FQ& Fy4E 376kHz, 37.8kHz, 38.0kHz,
38.2kHz, 38.4kHz, 38.6kHzZ, Al7to] Aol uwhe}
A5 AEE HAE 43 5 2%9 162 F
Hol| ¥ 133 wo]zrt EQiH] o) AEE
AAZT A5 5= dB SPLE 2A4YH, o]=
Zdgo|t}. 1Y Ay AlA
=3 %H Y 1;%8 371%171

v.d &

B =59 A7 AN = dEHzgd 1t
He 7o o AAY MM HEE Jpisi o
o, MCUS} NCOE &83t oA 79 F34 o
Aol AEE MaAoz AT 4 9t L
7+t 71E Alz"lo] oAl Jle] Foi4 Y
A AEE FAC AEshe A 2, Ak A~
Ho gler 2ul WS At o] Wye 7
Fukr oA ATE ExHoT HEFGoEH
AY AHIE A 2Ath T o] AAEL HA
JE Fig U9 W] Fgsles A4S Al
Feth AlA BEo| ol Az E 7AW, o] §
olHE JA MHE At Al 2do] AlFA
AA o)A EAE Hrlsta Felgith

w3k oA AN AYe NEE ARG EAE
Bk oyt 83 tlo]HE oA MMt FE¢
T 7)Ek A\ 2" okdEly §g&A0E HEY 4
Je TEE Yo 5 AFdA = AFA d
olf A& UE Agolth



-3
o

Aojd &7 oA dAd 48 H2ES wiA|

= Aerste Ax"Ho] MEAQ FA4 YEHIES
EHXMJ_ AL SANA Aol AF EUEY
okt Aol e dEEs A 2€ F Ue
o nelFn, QIzkel Ao TiE 9% 4H ne
o v 49 e 9
1= oldAl AitellA A& 7heA
TP o Yo 2usk Atk
LA Aokste A d™
A gcd ¢4 A
e FNZ B opet o AeHoln g
9o ARG AUT 5
71e9 7S gjste] o

3kl o & A¥® MCU

2 oY do
r‘&rﬁi
Sl
N(F_L;J_L:
S
R
o

p
E a2
= o
o, fu
> o
I~ L
@ JSE
rulo mi‘i

Mo &L X Mo rx
s
o
)
H
>
e

A0S WS FIA7) A0 © Al A

b o W o wr ¥O M o o

&AQl WA FF AR of
g g Aog 7
oA FAEHZ

X T oo
kil
o
~
i
Kt
N

S
re
R
ox
A=
o
ox,
o
j—Ll
4> ;
ey o

= 9

References

[1] N. E. Todreas and M. S. Kazimi, "Nuclear Systems
Volume I: Thermal Hydraulic Fundamentals", 2nd
ed., CRC Press, pp. 1-10, 2015.

[2] Z. Wang, Y. Shi, and L. Liu, "Fire Safety Design
of CPR1000 Nuclear Power Plants", 2022 IEEE
2nd International Conference on Power, Electronics
and Computer Applications, Shenyang, China, pp.
441-445, Jan. 2022. https://doi.org/10.1109/ICPECA
53709.2022.9719251.

[3] C. Allison, et al., "Accident Analysis for Nuclear
Power Plants with Pressurized Water Reactors",
International Atomic Energy Agency, Jan. 2003.

[4] C. Yao, S. Chen, and Z. Yang, "Evacuation
Problem Under the Nuclear Leakage Accident",
2021 40th Chinese Control Conference, Shanghai,

China,  pp.  1703-1708,  Jul 2021

N9 dze 74 A9g A4 AFYE A8 24 oA

https://doi.org/10.23919/CCC52363.2021.9549934.

[5] S. Park, J. Park, and G. Heo, "Transient Diagnosis
and Prognosis for Secondary System in Nuclear

Power  Plants", Nuclear  Engineering and
Technology, Vol. 48, No. 5, pp. 1184-1191, Oct.
2016. https://doi.org/10.1016/j.net.2016.03.009.

[6] International Atomic Energy Agency, "Application
of Wireless Technologies in Nuclear Power Plant
Instrumentation and Control Systems", International
Atomic Ener, pp. 1-104, 2020.

[7] M. Liu, Z. Liu, X. Ma, X. Li, Y. Zheng, G.
Yang, and Q. Ye,
Nuclear ~ Power

"Coexistence Strategy of
Equipment and  Wireless
2022 IEEE 5th

International Conference on Electronic Information

Communication ~ Technology",

and Communication Technology, Hefei, China, pp.
259-262, Aug. 2022. https://doi.org/10.1109/ICEICT
55736.2022.9909380.
[8] Y. S. Kim and H. Y. Lee, "Decommissioning
Waste Inventory Estimation Method of Aging
through  Digital
Journal of Korea

Nuclear ~ Power  Plants
Transformation ~ Techniques",
Institute of Information and Technology, Vol. 22,
No. 10,  pp. 153-162,  Oct. 2024.
https://doi.org/10.14801/jkiit.2024.22.10.153.

[9] G. Bruckner and J. Bardong, "Wireless Readout of
Multiple SAW  Temperature Sensors”, Sensors,
Vol. 19, No. 14, pp. 3077, Jul 2019.
https://doi.org/10.3390/s19143077.

[10] M. H. Alsharif, S. Kim, and N. Kuruoglu,
"Energy Harvesting Techniques for Wireless
Sensor Networks/Radio-Frequency Identification: A
Review", Symmetry, Vol. 11, No. 7, pp. 865, Jul.
2019. https://doi.org/10.3390/sym11070865.

[11] R. F. Graf, "Modern Dictionary of Electronics",
Newnes, 1999.  https://doi.org/10.1016/C2009-0-
26363-X.

[12] Korea Atomic
"Wireless Technology for Operating Nuclear Power
Plants", 2022.

Energy Research Institute,



Journal of KIIT. Vol. 23, No. 1, pp. 65-71, Jan. 31, 2025. pISSN 1598-8619, elSSN 2093-7571 71

PSP

Mo

Ab = (Sangook Moon)
19954 24 -

St @mx}%@%ﬂ—(
D 20024 29 ~ 20044 29 -
SKato|g 2 MYATY
2004 3¢ ~ BA : ZANSE A7 AL 25
Aok : HolE] ¢Esl, nlo]IZZEA A,
AL 38| 247, ToT YWt =A 283 247,
loT YWt A28



	산업 인프라 고장 진단용 엣지 컴퓨팅을 위한 무선 엣지 센서 모듈
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 헤테로다인 주파수 변환
	III. 무선 모니터링 방법
	Ⅳ. 구현과 성능 평가
	Ⅴ. 결론
	References


